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Use of PIT Emulsions In bnzymatie Reactions 



This immiim ■ mMm- to the use of emulsions produced by the I 3 !! 
process as a reaction medium for enzyme--oati3ty2ep reactions. 



5 Prior J>rt 

Enemas are being increasingly used as catalysts m chemical and 
biochemical synthesis. Thus, hydrolases, especially Upases {EC 3,1.1,3), 
are already being used in many industrial ilpolysls processes by virtue so! 
the often milder reaction conditions^ 

10' Suitable enzymatic esfefificSiion or transastenflcatlon processes are 

described, for example, in K Drauz and H. Waidmgnn, Enzyme Catalysis 
In Organic SyMMslSj VCH^eriag, Wefefcsim 1975 

I! Is feswn; : tr^nseslelficatlons in msim-f¥&&- or ^ubsbrslMy 
waterdree media are called by lipases: If water Is also present h the 

15 reaclion system of oste aieohotand tpases, the elimination of Pound 
adds to free acids nomsaiiy occurs Since various lipases also estate the 
lormsiion of esters Mjot free fatty acids and alcohols, a transegienlcaio« 
reaction with an acid jntermediale stage Is ultimately carded out In the 
majority of cases in add-on to a direct transeStedfieatlon For many 

20 industrial ptom$$m< ho woven the formation of free acids in the system is a 
major disadvantage. The water contenf partly prevents an Industrially and 
commercially acceptable conversion (formation of an unfavorable 
tfelfeodynamlo equibnym). ' Ex^hsN ; : W^trfel. $q-M'i£men* - has: to fee 
used to obtain satisfactory yields (removal of wm?\ for example, by 

25 azeotroprc distillation, mernferano separation processes, vacuum 
distillation), 

The disadvantaqe of eniyme-cataiysed reactions often lies in the 
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Ivltfabity and stability of the functional proteins Involved in the precis. 
Enzymes stabilised % Immobi^liom for example by rnicroeneapsulaisom 
which can be used far a variety of applications are already known from the 
prior art, 

S The reaction of hydrophobic compounds can be earned out by the 

use of walaf-ln-oil fw/o} mlbrbemolstons, as described by Oriieh and 
Sehomaefcer jr* Ensyms ^iorok Technol,; 2M1; 28; 1: 42-48 for the 
lipase: from Candfcfa rwgoaa. : However, the concentration of water to the 
Mm ion and trie composition of the components of the w/o mlcroemulsions 

10 am very chticai to the success of the reaction. 

Accordingly, the problem addressed by the present Invention was to 
provide a system for enzyme -eamlyzea reactions in which the substrate 
concentrations could be varied while ihe interfaces and hence the 
concentration of Oil and water would remain constant to the extent that they 

# WlcJ" not have a major influence on the reaction or m the acuity of the 
enzyme. In addition, these systems would be inexpensive and rec/yelable. 

TheproSrtlnvdhtldh 
£0 at least waten ernulslfiers and an oil phase as a reaction medium: for 
enzyme-catalyzed reactions, the emulsions having been produced by the 
PIT process and having a droplet slmof 50 to 400 nm. 

it has surphsiogly been found that o/w emulsions produced by Ihe 
PIT process sat>siy the requirements slated above In excellent fashloa 

m 

PIT emo islons 

Emulsions are disperse preparations of at least two liquids insoluble 
In one another, of which one contains water, Emulsifiers or emulslfler 
systems are used to homogenize Immiscible oil/water phases by 
30 emolslbcatlon. In the absence of stabilizing emuislflers, the phases would 
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separate '.again m view of their different polarities. The amphiphic 
smuislfsers est at the interfaces between the fine droplets end the coherent 
phase end prevent them from coalescing by etahc or etectrosiatie shielding. 
Emaialhers era compounds which join hydrophic and lipophilic structural 
6 units to one another in their mofecetar /structure. The choice end extent ef 
the padlsufar structural units In the emulsifier molecule or emulslRer system 
effected are often characterized by tile hydrophic/lipophlllc balance [HLS 
(number) value]. As a general rule, emuisiflem or emulsdter systems with 
compare lively strongly hydrophie components lead to high NIB values 
IS and, in their practical application, generally lead to water-based o/w 
emulsions with a disperse oil phase. Emu; sifters or emulslfler systems with 
comparatlvefy strongly llpophlc components lead to comparatively lower 
HLB values and hence to wto Invert emulsions with a continuous dl phase 

1 5 It is known that oil-in-water (o/w) emulsions prepared and slablzed 

&>>m ncpon^ /«; S ^u^!::;e^,.car^ ^nd^gu gan&raky -.xmer^mm p*&*&& iwettaon 
on heating, i.e. the emOmon type changes from o/w to w/o fwaler-ln^l 
■emtMion ') within a mtmn immemwe rmm. Slum tm oP become the 
outer continuous phase, the conductivity of the emulsion fails- to zero. The 

20. mean value of the temperatures between maximal and zero conductivity of 
the emulsion on heating is called the phase inversion temperature (PIT) 
and the emulsions thus produced are called PIT emulsions, 

it Is also known that the position of the PIT depends on a number of 
factors, for example the nature and phase volume of fha oil component the 

25 hybrophillctty and the structure of ins emulslffers and the composition of the 
emutsffier system. 

The droplet size of the PIT emulsion is critically determined by the 
production process, In general, the water and oil phases are mixed with 
the emulslflers and then heated to a temperature above the PIT, the 

30 conductivity having to fall' to zero. The emulsion is then cooled to tde 
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^rting lamperaiure (generally room temperature, ca. 20'C}. IIib 
emulsion used In accordance Willi the invention Is only formed by Ihe 
temperature of the emulsion exceeding and then falling below the PIT. 

it Is known that only those FIT emulsions which form a 
i rmememulsion phase with low intarfaelal tension between oil and water or a 
lamellar Hqyld^rystaiae phase during phase Inversion are charaetebzed 
by particularly small droplets. The cruaai step is always the re-inversion on 
pooling. 

The emulsions axordfog to the invention are distinguished In 

10 particular by their droplet fineness The droplet size is between 50 and 400 
nrn, preferably to tine. range- from 70 to 300 nm, more preferably in the 
range from SO to 250 nm and roost preferably In the range from 90 to ISO 
am. The droplet sizes are assumed to follow a Gauss distribution. They 
are measured; for example, by light scattering or absorption. 

15 These fine-droplet emulsions retain their homogeneity through 

Srownian molecular movement Brownian molecular movement Is a 
thermal random movement of particles below 5 am in size. II is the driving 
force of diffusion and prevents both sedimentation and creaming up 
(flotation), A major advantage is that file need for energy-intensive stirring 

20 can bo reduced. It leads to Improved diffusion of substrate and enzyme 
and to reduced energy costs, 

The substrate concentrations can be varied without the :broplet slie 
having to be reduced, A high substrate concentration can be achieved 
without any of the droplets coalescing. The low surface tension Increases 

25 iba transfer rate of the molecules at lbs oil/water interface; The hlgb 
reproducibility and stability of the PIT emulsions enable biochemical studies 
to be carried out on enzymes and their reactivity and already known 
tmtM>ri p^i$pm&r® ictlvities-for enzymes to be further optimized. 

Besides water, the PIT ernolsions also contain an oil phase which 

30 contains compounds bom die group of fatty acid ally] esters a) or native 
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vegetable oils and derivatives b): The groups a) and b). are hydrophobic 
compounds, insoluble or only very sparingly soluble m wafer which m$y 
preferably represent the starting materials,- .U; substrafes, for the prodycls 
io be obtained by enxymaNc \oata|ysis« but which may also ba used m 
5 auxiliaries. 

Syitabia group a) esters, are derived h partfeyiar from saturated, 
unsaturated, Hnear or branched My a bids containing a total of 7 to 23 
carbon atoms. Accordingly, they are compounds corresponding to formula 

Ol- 
io 



in which R- is a Cs, 2 2 alky! group and R s is a C« aikyi; group, methyl and 
ethyl groups being particularly preferred. The use of methyl esters is the 

15 most advantageous. The methyl esters of 'formula (!) may be obtained ip 
the usual way, for example by transesterifieatldn of triglycerides with 
methanol and subsequent distillation. Suitable fatty acids are captofe, 
nepaodle, capryiic, pelargonie eaphc. undeeanQlc, lauho tndecano$c. 
myristic, pentadecanaic. palmitfe heptadecsnoio, stearic, nonadecanoic, 

gQ afachsc end behenlc acid. Unsaturated representatives are, for example, 
iaurolale, fnyrlstdleld. palmitolsie petroselaiojc, oleic, eiafele rldnofelc, 
linotelc. conjugated taslels acid {CLA}, more particularly cisSiraasll-CLA 
or Ifaes10 5 cisf 24DLA, IfeolMdle, linolenlc, conjugated llnbfeic mM, yadoleipv 
araohidoriic and erode acid. Mixtures of the methyl and/or ethyl eaters of 

IS these adds are also suitable. It is particularly preferred to use Pff 
emulsions which contain methyl and/or ethyl esters from the group 
consisting of methyl oteste, methyl paimitate.. methyl stearate, methyl 
pefargonate, ethyl oleafe. ethyl paimitate, ethyl stearate andfor ethyi 
pelargorsafe. However, methyl end/or ethyl esters based on the natural 

3a fatty acid mixtures obtained, for example, from linseed oil, coconut oil, palm 
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oil palim kernel ©II,- olive oil, castor oil, tapeseecl oil, soybean oil or 
sunflower oil (In the ease of Fapeseed and sunflower oil. new and old 
plants) may also boused. 

Suitable: $rmp- b) compounds are native ©lis of vegetable origin. 
5 These a or* essentially Mnlvcendes and mnlvcende mixtures the olveeroi 
oesny aio#$ete*y esfeu;:ed w*th *««a«vasy >ono>enain lady eufe, 

W;6M^^$^N :V ^^'#'' a ^'^^^•• fmm tte iroup consisting of 
peanut, coconut and/or sunflower oil. 

Important constituents of the PIT emulsions used Irs accordance with 

18 the invention are the emulsstlers and ernuislfier systems used. Nonionic 
emuisifters, mors particularly efhoxyiated fatty alcohols and fatly acids, ere 
preferably used as enmlslflers. To form PIT emulsions. It Is of advantage to 
use a fcvo-cornporient emufslfler system containing a hydrophic ernuislfier 
(A) and a hydrophobic co-emuisifier IB). Suitable hydmphilic nonionic 

to omulsiiiers (A) are substances which have an Hi 8 value of about 8 to 18; 
m -HLB value {hydmphic/Iipophiilo balance} is a value which may Oe 
;ealea« equation; 



where L is the percentage by weight of lipophilic groups, I.e. the fatty alky! 
or fatly acyl groups in percent in the ethylene oxide addition products. 

Fatty alcohol ethoxylates In the context of the teaching according to 
the Invention correspond to formula (II): 



containing 8 to "24 carbon atoms arid n is a number of 1 to 5Q, Compounds 
30 of formula fill where a is a number of i to 35 and more particularly a 




(10 



In which R 3 Is a linear or branched, saturaTed or unsaturated alky! group 
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number of 1 to 10 ars partteiirly preferred Other particularly preferred 
compounds of fsrmyia (II) are those where R 3 is an atkyi group containing 
10 to 22 carbon atoms. 

The eompoun^s of forrnuta . p) ana obtained in known manner by 
5 reaction of fatty alcohols under pressure wit* alhylene oxide, optionally In 
tbe presence of acidic or basic catalysis, 

alcohol, capryiic alcohol, 2-etsyl hexyl alcohol, caprte alcohol, fauryl 
alcohol, Isotndecy! alcohol myristyl alcohol, eeLy! alcohos, pain-moseyi 
ascohoi, : :>te«sry« asconos, teostearys aicohoi, ..o#yi aiOQho*, si^fc^m: 

10 petfosatinyf ateohoi, Isnolyl alcohol, itnoianyl alcohol, ataaostearyl alcohol, 
apbhyl alcohol, ga|o!eyl alcohol, banenyi alcohol eracyl alcohol and 
Ifisaidyl afehol and aha iochnscM mlMures thereof obtained, for example, 
in the lllgl^pressoro hydrogenetfon of technical methyl esters based on fats 
and lolls oralc&hya&s fr6m RQetenVpxosynihesis and 35 monomer fraction 

15 in me dlrnerizatldn of unsaturated fatly alcohols: Technics fatty alcohols 
containing 12 to 1.8 carbon aioms^ such as for examplo coconut ol[ t palm 
alb palm kernel oil or tallow fstty alcohol, are preferred, 

Fatty abisd ■©thPMytstas which may also fee; used; as emylaiflar 
Sp^nsnt (A) -j^fejab^ €$rmsp©r*d to formula (Hi)' 

20 

where -R* Is a linear or branched alky! group containing 12 to 22 carbon 
atoms and m is a number of 5 to 50 and preferably 15 to 35,. Typical: 

.25 examples are products of the addition of 10 to 30 -mot .ethylene oxide onto 
iauric acid, isotridecanoic acid, myristlo add, palmitic add,, palrnitoieto acid, 
stearic acid, Isostaanc acid, oleic acid, elaSdic aoid, petrosellc acto, Unolelc 
acid, Iholdnlc 8dd : eiaeosteano acid, arachic acid, gadoieto acid, hehento 
acid and erode acid .and the ^'tec^riMl ' mitoM' thereof obtained, for 

30 example, in the pressure hydrolysis of natural fata and oils or In the re- 
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ductioo of aldehydes from Roeien's oxosynthesls. Products of the addition 
of 10 to 30 mol ethylene oxide onto C^a fatty acids are preferably used. 

Partial giycendes which may be used as emuisifiet component (8) 
preferably correspond to formula (IV): 



CH s O(CH,CH:>0} r COR 5 

CH*OCCH>CH?G},B (IV) 
CH s O(CH £ CH 2 Ok-H 



wbwe.COK s ^ a Infar or bmnqhed seyl group conpihinp 12 to 22 carbon 
atoms alKi x, y and z together stand for § or for numbers of 1 to 50 end 
IS preferably 15 to 35 . Typical: examples of partial :gtycerfde8 Mtabie for the 
purposes of the invention are lay no acid nionogiyceride, coconut fatty acid 
iaiopo^^ii^^^m^,a^a monoglyceride ; stearic a^ : vf#i^^c«^ 
<sosfea?:c sold monoglycendn. plele ac.d monoglycehde. conjugated Iholeie 
aid monoglyeerides and tallow fatty add moocyyycende and addition 
10 products trneroof ^th 5 to SO and preferably 20 to 30 mol ethylene , 
Monoglycendes 0. P^domloan% 
confining monoglycsridee {N% wbere COR s is a linear aeyl group 
containing 10 to 18 carbon atoms,, are preferably used, 

Emuieifier mixtures eontairung Ggmponents (A) and IB) In a ratio by 
2o weight of 10:90 to 90:10, preferably 25t7S to 75:25 and more partlculady 
40:60 to 60:40 are normally used. 

Other suitable eniuislflers are, for example, nenlonic surfactants 
i one of me following groups-: 



30 ■*■ products of the addition of 2 to 3D mo! ethylene oxide andfot 0 to 5 mol 
propylene oxide onto linear fatty alcohols containing 8 to 22 carbon 
atoms: 
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* glycerol monoesfers and diesters and sorbilan xmnpmim and 
tlleslifs of saksrafed and .ynsaturated fatty adds; containing 6 io 22 
tarilon atoms and ethylene oxide adducts thereof; 

* a^Kyi mono- and oiigoglycosides containing :S to 22 carbon atoms in the 
a aikyl: group and ethoxytatad analogs thereof; 

* pallets of the addition: of IS to 60 mo! ethylene oxide onto castor oil 
and/or nydrogenated castor oil; 

* polypi esters and, In particular, potygtyeerot esters mmh as,: for 
example, polygiycerot poiyndnotaata or polyglyoerol poly-12-hydroxy>- 

1Q stearate. Mixtures of compounds from several of these classes are 
also suitable; 

* products of the addition of 2 to IS mo! ethylene oxide onto castor oil 
and/or hydrogeoaieci castor oil; 

•*• partial asters based on linear, braoeded. unsaturated or saturated C^g 
15 fatty acids, riclnoleic acid and 12diydroxysteanc add and glycerol, 
polyglyeerol s pentaerytoriioi dipentaerytnutoi sugar alcohols (for 
example sorbitol) and polyglucosides (for example cellulose); 

* wool wax alcohols; 

* poiyaikyiene glycol®. 

20 

The addition products of ethylene oxide and/or propylene oxide onto 
ilycerof mono- and dlasfers and sorhitan mono- and dtesters of fatty acids 
or onto castor oil are known commercially aValladfe products. They are 
homo'og mixtures of which the average degree of atkoxylation corresponds 
to the ratio between the doantitlas of eliyien© oxide and/or propylene oxide 
and substrate with which the addition reaction is carded out. 

To select sulfates emulsifier systems, It can be useful to calculate 
the PIT of toe pedicular system. However, this also applies in particular to 
potential optimizations In toe choice of the amuldfiers or emulator systems 
SCI and their adaptation to the choice and mixing oPaqiJeeue phase on the one 
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Hand and the type of oil phase on the other hand as predetermined by 
other .consideraikins as to technical procedure,- dormspDndlng expert 
knowledge has been developed in basically- iof&By deferent fields, 
fjartlcuterly in the production of cosmstics. Particular reference & rnecle !rr 

8 this co^neolson to the article by TH. Fdrster, W, von Rybinski, K Tesmann 
and A, Wadle -^imMtmn of Optimum Emtiisifmr Mmiums for PHm&; 
InmMon Bmuisifimiim^U interactional Journal of Cosmetic Science 
18* 84#2 (1M4).. The article -'m. qm&tion cer&sim a d&ia&M account of 
how the phase invemton " temperature (Pff } ^rige of a given three- 

If component system of m ol phase, a water phase and an smulsffiSF can be 
calculated by the CAPICO method (calculation of phasft inversion \n : 
concmwm m » basis, of the EACH value (equ^teni ai.kane carbon 
number) ^Naractertsife of the oil phase : More particularly, this M&ie 

el al ■dies important ittenftMf* ■■ for the subjects under dlseussitol;: 

15 here which should be: vlewfed jh ponjyr»n with the disdosure of this 
mm W ^S^^m # # numerous examples, It Is, shown 

now pe choice ^Mji^ano.n at im ^$i#®\\$mtm>»i§s*o> *yb**>K* 
accessible to the adjustment of optimal predetermined values for the pjias^; 
inversion Mm^ratore rangabythe CAPICO metbodjn -conjunction with the: 

20 EA?M concept. 

1% PIT emulslona used m accordance with the Invention preferably 
contain 20 to 90% by weight of water, more preferably 30 to 80% by weight: 
and most preferably 30 to 60% by weight of water. The balance to 100% 
by weight Is made up of pk phase and emulsifies and optbnsity other 

il- apiaries and additives. The oil phase itself Is present In quanlies of 
preferably 10 Id 10% by weight and more pariicytady 40 to 70% by weight, 
in 3 preferred embodiment, the oil phase exclusively contains components 
a) or b) or mixtures of these components. The emulsifiers or emuismer 
systems are present in quantities of preferably 1 to 25% -by weight,- mom 

30 prgfarably 5 to 20% by waight and mostprefera^y b \o &y weight 
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The emulsions used In accordance with the invention preferably nave 
phase inversion temperatures of 20 to S5X and more particularly in the 
range- from 30 -10.95*0, 

The ensymes ysedln accordance with the Invention aremtarf actslly 

% active, Enzymes from the group of hydrolases and/or aeyl transferases are 
preferably used and may he used either onlhetr own or fe combination with 
sevefel enzymes. 

Hydrolases selected from the group consisting of esterases, 
phosphatases, lipases and lipases/acyt transferases are pafeeutany 

10 preferred.. The latter, ere falerfiefaily active enzymes which eaferyee 
reactions ^jacfe^G :;9f:-;%#sm : : It has been found that these 
■$$0$m& are: capable of capping fransesferifloatfen reactions In fee 
presence of short-^atn alcohols fata wafer content Ih the reaction mhdure 
«!p :: ^ff#sponds to .a wafer acidity of greater than 0.8. With ih&V&i&r- 

15 content, a conventional lipase would predominantly catalyze the hydrolysis 
of the WS In: dependence upon the alcohol component Accordingly, the 
enzymes In question have characteristic features doth for lipases and for 
acyl transferases. On the basis of.s^ipn^:^nd^- to hitherto known 

20 mm^mmm mmrn-mmm * i? im^^m$m:^ m 

the basis of its enzymatic activity, an scyi transferase. 

limiting m any way, are Upases and/or Itpases/aeyt transferases from 
organisms selected from the group consisting of Aicstigenss, Asps-radius 
25 nfeen oryzes, mmmmm mrophiia. Bmllm species, Candida 

albicans, CandMa amarctiaa (Tmhmporon wm Psenofezyme 
■■marcths}, Gmdid® amtwctkm^Gmdm cymmcem Candida pfebfffe, 

mmm mmm. c&ma parap^m cmm mmim. m^m 

tmpimm, Candida mwmaM Chmmat^mrium vfecosnm.. Fumrium 
30 aofent Gecfnchum candfenm Ismmenkia oriental (Candida kmmih 
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: #^mm%4M:m2famw$. (C. kefyr. C. p'mutfotmpicMfa}, khmrjamnmus, 
Pm&Mmi canmmb&tih Pemalium mquMorii Pidhfe guMemmMi (Candida 
gtimemxmdif}. Porcine pancreas, Ps^udomonas c&pacia, PsauciQrmms 
ffmmsmm, mmrmmor mmimi Rhizopm atrhfzus, Rhimpus atymm 
5 RhtzQpti& rweus, Rmmpus jexmnicm aod TbBrm®ftty%&® tentfp&nbsm- and 

mmm mmh mmmi m ^mmmm transferases from m 

Psaudomonas, Rhfiopus and Thertmmyc&s, more particularly enzymes 
from CmmBpimpmMs r .Pkm>mm^nm(CBnma gumermonm) or 

1Q CandMe mmmitm, are preferred feeeaasfcthey are particularly active. 

The mmmm to : used in accordance; with the Invention may m 
:m^mvmm ; mm^ In principle, any supply isrmiv|jr:@n^gs : :'SoiN: :; to 
the expert rda:y Be used; In th&GQntex? of -the so/emion. the definition of 
^t^^^a^ fncompasta* prpfein and enzyme; protein. Bold trie 

m eniyrtie protein .-.and ins whole protein, which contains feftfcftciton of 'itte 
protein .according to the invention in a pan oi the proiein rnq^eppe, n^y » 
ysed in accordance with the invention, Ida enzymes are preferably 
mi0^:Mm m as & ' technical enzyme prepariiien iSltder ifdmadized on a 
;^^-4^Sj^i^r*^-- te:^^,;^^:p^a^ in aqueous solution, 

cal;^ CLECs. obtainable for example from the Miim company, are also 
.preferred. The percentage of active emyrn^ m the particular iechftlcaS 
^12^0 d However, 
the average is between 1 and i0k active enzyme 

25 In another embodiment of the invention, the enzymes to he used in 

ieeMiadde with the invention are used in a quantity M 0,001 to£0% by 
weight, expressed as puw mzyme. or as enzyme preparation: based on the 
total quantity of oil phase used. More particularly, the quantity to be used is 
From 0-002 to 1% by weight and, in a particularly preferred embodlnMht, 

3D from 0.002 to 0.2% by weight. 
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According to the irs*sr$e«i v . : - e^yma^catalvz©^ reactions am 
preferably bydrolyses, frans^terfcte. or ester^ea^ns, the 
^mmmom being ■$&m^^Mr&i r 

According to ihs invention, eosnietic and/or pharmsceuilcsi pr?$us&: 
5 and/of fine chemicals are produced by |e enzyma-catsiyzed reactions 
using the PIT emulsion according to; the invenllcn. Mom particularly, 
oarotinolds, stem! -containing oil components and/or vitamin E are 
produced, 

T» « 

10 water, emulsifies and an oil phase and produced by the PIT process are 
eminently spitabto for ase as a reaction medium far enzyma-catalyzecl 
reactions; A^€c^{rtgly/tf8#f€^ntiriyQh^i afsd relates to a process for 

aeld afkyS esters and/or inglyoerides, in which 0mmmmm^mm^f 
15; toe PIT process am used as the reaction medium, the emulsions deed for 
toe .process according to the Invention correspond m their constituents, 

already been described in detail for Ihe of these o/w emulsions, 
©osmetic and/or pharma^^ : ^feai: arDducts anchor fTO afemfeais are 

rartksulailv, carotiriafds. sterok;ontainfnQ oil sxwoonsftfs and/or vitamin E 
are produced > in this process* use may be made of the fact that the watar- 
insoiuhla substances become soluble in the . oil phase of the PIT emulsion 
and are thus accessible to the enzyme-cataiyzed reaction. 

25; According to the Invention, the PIT emulsions containing the 

dsubs^to are added to toe reaction vessel containing the immobilized or 
no;>immobiilzed lipase or lipase/scyi transferase and optionally ether 
anxnianes and additives: The details of this .process, mere particoiariy the 
quantity of enzyme and the added emulsion, are detenmlneci by toe nature 

30 of the enzyme and the PIT emulsion selected and may be adapted by the 



•;^;.-:-:-:w.-:-:->.:.:.-.-.-.:;:.-.w.-.-.-.-.:.v 



WO 2005/01 71 4 > 14 PCTfEP 2004/008 770 

expert to suit the pedicular circumstances. By nesting the system, phase: 
separation can be achieved and the emulsifier in the aqueous phase sod 
the product in the oil phase pan readily be separated from one another. By 
using Bxed-bed reactors containing the enzyme, the enzyme can. foe 
5 removed and re-used: 

The fineness of the oil droplets iesds to a large sudace between the 
oil phase and the water phase and thus provides for rapid contact and an 
Increased reaction rate between the enzymes and the oli phase containing 
m** ^ohstrataa 

10 in ana particular embodiment of this process, the enzymes used are 

the enzymes already listed .for the use of the o/w emulsion according to the 
indention. 

The reaction conditions according to the invention for the enzyme- 
catalyzed reaction ere determined by the optimal reaction range of the 
IS enzymes selected and the emulsions used, More particularly, the reaction 
temperature inter alia is between 15 and mTG and preferably between 20 
and lindane, more pemculariy, is 35*C. \ 

Psodupfl on Example HI 

Tf3ns€stenrcm,u of oleic add ^^^mm^t^m^ of 
©tele aid ethys ester by iipsse.^ 
ester need; 

To produce; me PIT emulsion of C1S:1 oleic acid ethyl ester, a 
mixture of 025 § potyoxy^ alcohol C&mutgin® 81) 

and 0,2 g poiyoxyethytene-O-cetyl alcohol was heated while stirring to Src 
with 1 § oleic acid ethyl ester and 3 g uitrepure water until ail the 
components had melted:. The MMm was; men cooled while stirring to 

The phase Inversion temperature (PIT) was 



^0mmty WO> this emulsion (10 uniol/rnl) was added to a solution 
buffered to pH 6,5 comaMng lipase/aeyi transferase (CPLIP 2) and 2,2 
moi/i methanol as subslrate and the hydrolysis or the methsrMysis was 
determined In pn>ei/mln/ml In dependence upon the quantity of enzyme 
pb/rnlj.. The resuite are set out in Table 1 .. 



Table 1. 



Quantity of enzyme 

mm 


' Hydrolysis 

..M^imm .. 


Metdenolysis 
(umot/mln/mji 


i — 


0,001 


0,006 




0,003 


0.009 


5 


0,015 


0,025 




0.038 


o.oso 


'15 


0588 


0,006 



In addition, the acuviiy of the enzyme In the PIT emulsion containing 
oleic acid ethyl ester was determined m the presence of methanol or 
Isepropanol, The results are sal out In Tables 2 and 3, 



Activity of ths sBzynne [14 pgfrslj at WC 



Methanol 


Hydrolysis 


hlethanolysis 




fjjfoo'l/mlnfrnii 


(l-imo^min/rhl| 


0 


0,069 


0 


0.5 


0,037 


0.024 


1 


0,024 


0.034 


2V2 


0,009 


0.074 


4 


0:002 


0.128 
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Table 3 



AtfMty Qiih® msytm |SS pg&slj at 3IPS 



; ssoorupanoi 

LlMlffl ™ 






± 


i 


ft ■■ 
U i 


0 1 




0 


if — 


mm \ 


0,009 




Qsm 


0,017 




0,027 


0046 


1.25 




0,086 


1,5 


O.022 


0,11 


1,75 




0,17 


20 




0,19 






0,26 


2.5 


J ; 0M3_.. 


0,17 


3,0 ...... 


ll. 


.0,02? 



Dtoa^OQ of ihe,resy|!s 

The rosy! ts show that both the tfansester ificallorl of the methanoiysis 
and the hydrolysis can he earned out in a PIT emulsion and that the 
enzyme does not lose its particular capahilhies. The -results also show thai 
methanols of the PIT emulsion in the presence of water is preferred to 
hydrolysis, 

Trarfsesferificaiion to isepropyi oleate can also be carried out m the 
system mentioned, the acNliy e? the enzyme showing a maximum at 2.25 
mol/l Ispprapanoi 



